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A  continuing  study  of  u pp»»r  ataospherie  winds  cnror  the  lower 
West  Indies  has  been  made  possible  by  the  firing  of  high  altitude 
ballistic  probes  from  a  sixteen-inch  gun  located  on  the  Island  of 
Barbados.  These  firings  are  being  carried  out  by  the  D.  S.  Army 
Ballistics  Research  Laboratories,  Aberdeen  Proring  Ground,  Maryland, 
under  the  direction  of  Dr,  Charles  H.  Murphy,  and  by  the  Space  Research 
Institute  of  McGill  Universily,  Canada,  under  the  direction  of 
Dr.  G.  V.  Bull. 

Ataosphcrio  winds  are  studied  by  releasing  chemical  trails  from 
tha  gun~ fired  probe*  during  the  upper  portion  of  their  trajectories. 

Vo  date,  the  primary  oheeiical  whioh  haa  been  released  is  trimethyl 
aluminum  (TMA).  TMA  produces  a  oheedluaiinescent  glow  in  regions  of 
the  atmosphere  above  85  kilometers,  thus  allowing  the  trails  to  be 
photographed  whilo  being  distorted  by  upper  atmosphere  winds.  The 
Photographs  are  then  reduoed  to  provide  wind  information  by  SIR, 
using  computer  techniques. 

The  purpose  of  this  report  is  to  summarize  results  of  these 
buries  for  the  period  from  November  16<  through  November  23,  1965. 
freviou*  results  are  covered  in  Technical  Report  No.  1,  issued 
November,  1965,  and  Technical  Report  No.  2  issued  March,  1966. 


DATA  ACQOISmOH 


Tho  chsedeal  trails  are  formed  alnost  vertically  over  the 
inland  of  Barbados  (longitude  59«^°W.  latitude  13.0°!?)  and  extend 
f.-oa  an  altitude  of  65  kilometer*  through  apogee.  In  eaae  firings,  TXA 
is  also  released  on  the  down  leg  of  tho  trajectory.  To  the  unaided  eye, 
the  oheGuLcal  release  first  appears  as  a  straight  white  trail  res  sailing 
a  jot  oontrail.  Within  a  minute  or  so,  the  trail  is  distorted  into 
strsnge  chapes  by  the  upper  atmospheric  winds  (see  Fig.  1)  and  fades 
frees  view  within  approximately  fifteen  minutes  after  initial  release. 

Spaoe  Instruments  Research  has  established  eight  photographic 
( angulation  stations  on  the  islands  of  Barbados,  St.  Vinoent,  Grenada, 
Tobago,  with  two  sites  per  island.  These  islands  are  located  to 
thi.  west  and  south  of  Barbados  at  distances  of  190  to  290  kilometers 
(so*  Kig.  2).  While  only  one  site  on  each  of  two  islands  is  required 
for  data  reduction  purposes,  the  eight  sites  hare  been  found  necessary 
because  of  cloud  conditions  in  the  area. 

Equipuunt.  at  each  site,  built  by  SIR,  consists  of  s  camera  unit 
containing  two  seven-inch  focal  length  cameras  mounted  on  &  concrete 
pedestal,  ana  an  electronic  control.  Cameras  are  automatically  pulsed 
lo  take  exposures  of  3»  6,  and  12  seconds  duration  ovary  30  seconds. 

Sinoe  commercial  power  is  either  unreliable  or  unavailable  at 
must  site  locations,  SIR  has  developed  a  battery  operated  115-volt  power 
supply  for  the  control  equipment.  The  power  supply  is  tuning-fork  con¬ 
trolled  and  provides  60  cyolo  power  with  an  accuracy  of  0.0055&  for  the 


-2- 


caaera  programmer  bo  that  pictures  con  be  taken  simultaneously  at  each 
sit*.  A  data  chamber  mounted  on  each  camera  unit  reoords  tin®,  shot 
r.tntber,  and  site  information  in  the  coroar  of  each  frame  of  film. 

A  short  wave  radio  net  connecting  all  sit«s  and  the  launoh 
control  canter  has  been  installed  by  SIR  to  enable  the  launch  oontrol 
officer  on  Barbados  to  be  informed  of  weather  conditions  on  the  islands 
and  to  synchronise  picture-taking  operations  with  the  firing  of  the  gun. 
Most  sites  are  operated  by  local  personnel  who  have  been  trained  by  SIR. 

During  a  typical  night *s  operation,  the  gun  is  fired  at  one  to 
two-hour  intervals,  from  sunset  to  sunrise.  Photographs  are  taken  by 
all  sites  during  the  time  that  the  trail  is  visible.  The  film  is 
returned  to  Atlanta  for  processing  and  data  reduction. 
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DATA  REDUCTION 


Several  computer  programs  have  been  developed  which  make  it 
possible  to  calculate  upper  atmosphere  winds  from  measurements  made 
directly  on  tire  photographs  of  the  luminous  trails. 

Since  the  method  used  is  basically  three-dimensional  triangul&tion 
using  spherical  trigonaamtry,  it  is  necessary  to  Jcnov  precinely  the 
direction  *e<'l  camera  was  pointed  during  a  given  firing.  The  direction 
~tiernined  by  first  taking  accurate  measurements  of  the  locations 
o  -  several  star  images  on  the  film,  and  then  computing  the  azimuth  and 
^6  -tion  of  the  optical  sods  of  the  camera  by  naans  of  a  occputer 

Thi-  computer  program  makes  use  of  the  oeleetial  coordinates 
*  '  *ome  6,000  stars  whioh  have  been  stored  on  magnetio  tape. 

'find  speeds  and  directions  are  then  determined  from  the  location 
of  too  trail  in  epaoe  at  a  succession  of  known  times.  The  location  is 
: our  .a ,  using  either  a  point  location  program  or  a  trail  location  program, 
3r  both,  and  deponds  on  the  nature  of  the  ohenioal  release. 

Point  location  method.  If  the  chemical  releaso  exhibits  discrete 
’■of... ns  (resulting  either  from  turbulence  or  from  the  nature  of  the 
i  •'.‘..me  nechanim)  and  those  points  can  be  identified  on  films  from  two 
cj  ^‘.;re  islands,  th’>  point  location  program  can  be  used  to  calculate 
trie  ^fj^itio.i  ,.i‘  each  point  in  longitude,  latitude,  and  altitude  above 
;>»*  level. 

These  calculations  are  made  from  data  taken  at  successive  times, 
r.  wind  program  is  then  used  to  oaloulate  both  vortical  and  horizontal 
vends  from  the  motion  of  these  points  as  a  function  of  time. 


Trail  looattoa  method.  Most  of  tho  chemioal  ralMics  produoe 
a  smooth  trail  having  few,  if  ary,  identifiable  points.  In  such  oases, 
fils  coordinates  of  a  large  number  of  incremental  points  along  the 
film  i*age  of  the  trail  are  fed  into  the  computer  from  data  fro®  two 
or  more  islands.  The  trail  location  program  attempts  to  triangulate 
eaoh  point  from  one  site  with  Many  points  from  another  site,  finally 
choosing  points  fro*  both  sites  whose  optical  paths  frost  caster*  into 
space  for*  the  closest  spatial  intersection.  After  doing  Many  hundreds 
of  euoh  calculations,  the  computer  is  able  to  construct  coordinates 
for  a  mathmaitical  curve  in  the  shape  of  the  trail  in  spaoe.  Then,  as 
with  the  point  location  program,  winds  can  be  deteralned  frost  the  motion 
of  the  curve  with  time.  Here,  however,  it  most  be  assumed  that  vertical 
wind 5  are  essentially  sero.  This  assumption  is  borne  out  by  previous 
studios  which  have  shown  vortioal  winds  in  this  altitude  region  to  be 
of  the  order  of  a  few  meters  per  second  compared  to  horizontal  winds 
ranging  up  to  150  meters  per  second. 

Corrections  for  variables  such  as  atmospheric  refraction,  rotation 
of  camera  about  optical  axis,  and  oamera  fooal  length,  are  incorporated 
into  the  programs  to  maintain  high  accuracy.  Fooal  length  and  camera 
rotation  are  in  faot  calculated  from  measurements  of  the  positions  of 
star  images  on  the  films. 


INTERPRETATION  OF  DATA 


In  the  r attainder  of  this  report,  horisontal  wind  velocities  are 
presented  in  tabular  form  and  in  plots  of  wind  speed,  direction,  and 
components. 

Winds  were  oaloulated  at  altitude  intervals  of  one  kilometer. 

Points  on  the  various  plot*  show  the  actual  oo«puted  result,  as  listed 
in  the  table  preceding  the  plot.  A  curve  has  been  fitted  to  each  set 
oi  points  to  aid  in  detecting  wind  pattern*  and  to  indicate  reliability 
of  the  plotted  results.  Each  curve  has  been  drawn  with  a  knowledge  of 
intermediate  results  leading  to  the  wind  calculations  and  of  the  con¬ 
sistency  of  the  winds  as  oaloulated  between  eaoh  of  the  five  or  six  time 
intervals  used.  In  oases  where  point-to-point  ourve  fitting  was  not 
thought  to  reflect  actual  variations  in  wind  speed,  direction,  or  com¬ 
ponents,  a  more  appropriate  smooth  ourve  has  been  drawn.  Otherwise, 
the  curves  are  fitted  directly  to  the  data  points.  Results  of  certain 
portions  of  the  trails  are  at  tines  less  accurate  than  others  due  to 
the  special  orientation  of  those  trail  segments  relative  to  the  availa¬ 
ble  photographic  stations.  Less  aocurate  data  also  oan  result  from 
photographs  obscured  by  haze  and  clouds  and  from  trails  of  short  duration. 

Wind  speed  plot.  This  plot  shows  the  speed  of  the  wind  vector 
in  meters  por  second  as  a  funotion  of  height  in  kilometers  above  sea 
level, 

'Wind  direction  plot.  The  wind  vector  is  uonsidered  to  point  in 
tho  direction  toward  which  the  wind  is  moving.  The  direction  plot  shows 
tho  direction  of  this  veotor  in  degrees  clockwise  from  north  as  seen 
free*  above.  Thus,  a  wir.t  direction  toward  the  east  would  be  90  degrees. 
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Wind  o  opponents  plot.  While  plot*  of  wind  direotlon  end  opeed 
do  coeqalotaly  describe  the  wind  too  tor,  it  he*  been  found  helpful  in 
studying  wind  patterns  to  present  the  north-south  end  east-west  velocity 
caapceents  of  the  rector.  In  the  north-south  plot,  north  is  positive; 
south  is  negative.  In  the  east-west  plot,  east  is  positive,  wsst 
negative.  Components  are  plotted  in  asters  per  second  versus  height 
in  kiloaeters. 

The  wind  direction  and  component*  described  above  are  referenced 
to  true  north.  In  addition,  o capon on ts  have  been  calculated  relative 
to  aagnetio  north  for  ooaparison  with  other  ionoepherlo  phoncaena. 

Those  o  opponents  are  not  plotted,  but  are  listed  in  the  tabulations 
pr ©coding  each  set  of  plots. 


Fig.  1 


Photographs  of  firing  Christ  Church 

Photographs  taken  154  seconds  after  firings 


Barbados 


”X*..  : 


c 


■  '! 


V 


St.  Vincent 


Tobago 


These  pictures  ware  taken  from  three  islands  just  as  the  vehicle  reached 
apogee.  Note  that  the  winds  have  already  distorted  the  trail.  Jitwheae  ■ 


Photographs  taken  244  seconds  after  firings 


St.  Vincent 


Tobago 


This  set  of  pictures  was  taken  at  completion  of  the  downtrail.  The  uptrail 
shows  the  continued  effect  of  the  winds,  while  the  lower  part  of  the  downtrail 
is  new  and  only  slightly  distorted.  Stars  can  be  seen  in  the  background  of 
these  pictures.  The  positions  of  these  stars  are  used  to  determine  the  exact 
direction  each  camera  was  aimed. 
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rig.  2 


Location  of  S.I.R.  photographic  station* 


Two  stations  are  locaiad  on  eaoh  of  the  four  island*,  as  shown.  While  only 
ona  station  on  each  of  any  two  islands  is  sufficient  for  determination  of 
winds  by  triangulatiisi,  several  atations  wore  found  nacassary  because  of 
orovalant  cloud  conditions  in  th®  area.  Acouracy  of  tha  data  reduction  ia 
also  increased  by  use  of  filas  frow  aore  than  two  islands. 
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STKPSIS  OF  HKSOLTS 


The  foiled  ocN'itu  nay  be  helpful  la  interpreting  the  data 
contained  in  this  report.  Only  those  shots  with  unusual  ahar&otaris- 
tios  are  disousstd. 

Ho,  30.  Yorkshire 

This  re  1 0*30  differed  fro*  the  others  in  that  oesium,  rather  than 
TMA,  u&s  released.  The  chemdoal  was  released  as  a  point,  rather  than 
a  trail,  at  T  +  94  seconds  at  an  altitude  of  101  kn,  regaining  visible 
for  roughly  100  seconds. 

The  release  shored  a  considerable  vertical  notion,  about  3®  asters 
per  second,  rising  to  above  105  kn  before  fading  fron  view.  The  wind 
is  shown  plotted  for  103  ks,  the  average  height. 

Ho,  31.  Christ  Church 

Uptrall  and  downtrail  results  were  quite  similar  for  this  trail. 
While  there  were  sane  differences  between  up trail  and  down trail  veloci¬ 
ties,  at  all  altitudes  the  possible  errors  were  large  enough  that  there 
may  be  no  actual  differences  between  up  and  down  winds. 

Ho,  32.  Dover 

Op trail  results  were  generally  better  than  down trail,  so  the  curve 
was  fitted  olossr  to  up trail  results  over  most  of  the  trail.  However, 
above  115  kn  there  sensed  to  be  a  significant  difference  between  up  and 
down  results,  so  two  curves  were  drawn, 

g£a-JI»JfoSLggK 

Here  up  And  down  results  were  in  fair  agreement  over  all  of  the 
trail  except  for  103  through  105  kn,  Interasdlate  steps  in  the  data 
reduction  showed  that  while  the  maximum  south  wind  occurred  at  105  km 
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In  the  up  trail,  the  marl  mam  via  around  103  km  in  the  down  trail. 

Ho,  41,  Eoekley 

Note  that  in  the  "wind  direction"  plot,  altitudes  129  and  130  km 
do  not  fit  the  curve  at  all  veil.  This  is  because  the  wind  was  prac¬ 
tically  "calm,"  thus  wind  direction  has  little  waning  and  large 
possible  errors  when  calculated. 

Ho.  42.  Seawall 

Seawall  had  poor  film  data,  causing  part  of  the  wind  profile 
resulta  to  be  quite  peer.  The  loweat  part  (from  93  to  103  km)  was 
good  enough  that  we  could  put  a  curve  through  the  data  points  with  some 
confidence.  However,  from  104  to  110  km,  we  feel  that  there  ml/  be 
considerable  error  in  the  plotted  points,  thus  s  dotted  curve  was  drawn. 
Above  104  km  the  results  were  better.  Mote  that  at  110  km  a  calm  wind 
caused  poor  direction  results,  as  with  shot  Rockley. 
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IABM  CP  TRAIL  UFOBHmOi 


Trill 

So, 

Pats 

T1m  (AST) 

Altitndaa  (taa) 

30 

Terkshlr* 

16  Sot,  1965 

18:15:00 

101 

31 

Christ 

Charoh 

17  Hot.  1965 

18:15:00 

92-119 

32 

Danrar 

17  Sot.  1965 

19:34:00 

91-122 

33 

SmI  Bay 

17  Sot.  1965 

23:15:00 

93-127 

34 

Gun  Hill 

18  Sot.  1965 

00:45:00 

96-127 

35 

Indian 

Ground 

18  Not.  1965 

03:30:00 

98-117 

36 

Jaasstovn 

18  Sot.  1965 

05:08:00 

93-119 

37 

Houn.ll 

22  Hot.  1965 

18:09:00 

94-120 

38 

Saadhaas 

Point 

22  Sot.  1965 

19:30:00 

93-134 

39 

Paragon 

22  Hot.  1965 

22:59:00 

99-126 

40 

Quaans  Part 

23  Sot.  1965 

01:31:00 

100-133 

41 

Rocklay 

23  Sot.  1965 

03:28:00 

95-138 

42 

Ssawall 

23  Hot.  1965 

05:16:30 

91-130 
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TAJ3UUTICKS  AND  PLOTS 


Thirtawi  Tr*U  RcImsii  -  Noy««b«r  16-23,  1965 


-14. 


TRAIL  HO.  30  YORKSHIRE 


BARBADOS 


15  NOVEMBER  1965  18 t 15: 00 


WIND  WIND 

ALTITUDE  KEADIHO  VELOCITY 
(KM)  (DEO)  (M/S) 


WIBD  OOMPONEHTS  (K/S) 
GEOGRAPHIC  MAGNETIC 

3-8  E-V  I-S  E-W 


103.0  337.7  92.4 


85.5 


-35.1  90.8  -17.1 


HO  PLOTS  ARE  SHOWN  FOR  THIS  RELEASE 


BARBADOS 
UP  TRAIL 


TRAIL  NO.  31  CHRIST  CHURCH 
17  NOVEMBER  1965 


18-15-00  AST 


WIND 

WIND 

WIND  COMPONENTS  (M/S) 

ALTITUDE 

HEADING 

VELOCITY 

GEOGRAPHIC 

MAGNETIC 

(KM) 

(DEG) 

(M/S) 

N-S 

E-W 

N-S 

E-W 

93.0 

45.7 

27.4 

19.1 

19.6 

14.7 

23.1 

94.0 

303.6 

14.9 

8.3 

-12.5 

10.7 

-10.6 

95.0 

271.4 

22.1 

0.6 

-22.1 

5.1 

-21.5 

96.0 

268.1 

36.7 

-1.2 

-36.7 

6.2 

-36.2 

97.0 

291.2 

55.7 

20.2 

-51.9 

30.  ^ 

-46.7 

98.0 

301.2 

77.6 

40.2 

-66.4 

52.8 

-56.9 

99.0 

304.6 

85.8 

48.7 

-70.6 

62.0 

-59.3 

100.0 

307.0 

94.3 

56.8 

-75.3 

70.9 

-62.3 

101,0 

307.6 

114.8 

70.1 

-90.9 

87.0 

-74.8 

102.0 

308.8 

124.9 

78.3 

-97.3 

96.4 

-79.5 

103.0 

307.3 

136.3 

82.6 

-108.3 

102.8 

-89.4 

104.0 

300.4 

141.4 

71.6 

-121.9 

94.8 

-104.9 

105.0 

296.1 

124.4 

54.8 

-111.7 

76.3 

-98.3 

106.0 

284.1 

88.4 

21.6 

-85.7 

38.5 

-79.6 

107,0 

278.5 

71.7 

10.6 

-70.9 

24.7 

-67.3 

108.0 

266.5 

52.9 

-3.2 

-52.8 

7.5 

-52.4 

109.0 

247.9 

44.1 

-16.6 

-40.9 

-8.0 

-43.4 

116.0 

230.2 

46.5 

-29.7 

-35.7 

-21.9 

-41.0 

111.0 

223.8 

58.5 

-42.2 

-40.4 

-33.2 

-48.1 

112.0 

238.4 

50.6 

-26.5 

-43.1 

-17.2 

-4  7.6 

113.0 

268.8 

32.1 

-0.7 

-32.1 

5.8 

-31.6 

114.0 

321.9 

28.8 

22.6 

-17.7 

25.7 

-12.8 

115.0 

3.1 

45.8 

45.7 

2.5 

44.3 

11.7 

116.0 

10.7 

56.5 

55.5 

10.5 

52.2 

21.5 

117.0 

13.4 

61.0 

59.4 

14.1 

55.3 

25.8 

118.0 

15.5 

67.7 

65.2 

18.1 

60.2 

30.9 

119.0 

19.4 

85.0 

80.2 

28.2 

72.8 

43.8 

BARBADOS 
DOWN  TRAIL 


TRAIL  NO.  31  CHRIST  CHURCH 
17  NOVEMBER  1965 


18-15-00  AST 


ALTITUDE 

WIND 

HEADING 

WIND 

velocity 

WIND  COMPONENTS  (M/S) 
GEOGRAPHIC  MAGNETIC 

(KM  I 

(DEG) 

(M/S) 

N-S 

E-W 

N-S 

E-W 

92.0 

69.1 

18.0 

6.4 

16.8 

2.9 

17.7 

93.0 

44.3 

26.9 

19.3 

18.8 

15.1 

22.3 

94.0 

279.1 

15.4 

2.4 

-15.2 

5.4 

-14.4 

95.0 

247.2 

28.1 

-10.9 

-25.9 

-5.4 

-27.6 

96.0 

261.4 

36.8 

-5.5 

-36.4 

2.0 

-36.8 

97.0 

289.8 

50.4 

17.1 

-47.4 

26.3 

-43.0 

98.0 

301.7 

74.3 

39.0 

-63.3 

51.0 

-54.1 

99.0 

304.7 

88.4 

50.4 

-72.7 

64.1 

-61.0 

1C0.0 

307.9 

95.6 

58.7 

-75.5 

?2 .8 

-62.1 

101.0 

310.3 

112.8 

72.9 

—86 . 0 

88.8 

-69.5 

102.0 

308.5 

125.0 

77.8 

-97.8 

96.0 

-80.0 

103.0 

308.2 

123.5 

76.3 

-97.1 

94.4 

-79.7 

104.0 

305.4 

128.2 

74.3 

-104.5 

93.9 

-87.3 

105.0 

294.3 

114.1 

46.9 

-104.0 

67.0 

-92.4 

106.0 

290.8 

93.4 

33.2 

-87.3 

50.2 

-78.8 

10  7.0 

273.9 

70.1 

4.7 

-70.0 

18.8 

-67.6 

108.0 

262.6 

48.8 

-6.3 

-48.4 

3.6 

-48.7 

100.0 

238.7 

41.8 

-21.7 

-35.7 

-14.0 

-39.4 

i  10 . 0 

221.8 

51.2 

-38.1 

-34.2 

-30.4 

-41.2 

111*0 

219.3 

54.0 

-41.8 

-34.2 

-34.0 

-41.9 

112.0 

236.7 

37.3 

-20.5 

-31.2 

-13.8 

-34.7 

113.0 

248.0 

31.9 

-12.0 

-29.6 

-5.8 

-31.4 

TRAIL  NO,  31  CHRISTCHURCH 
17  NOVEMBER  1965  18:15:00  AST 

H.  A.R.P.  BARBADOS 


WIND  COMPONENTS 
UP  DOWN 

O  L  NORTH-SOUTH 
9  A  EAST- WEST 


TRAIL  NO.  32  DOVER 

BARBADOS  17  NOVEMBER  1965  19-34-00  AST 

UP  TRAIL 


WIND 

WIND 

WIND  COMPONENTS  (M/S) 

ALT  I  TUBE 

HEADING 

VELOCITY 

GEOGRAPHIC 

MAGNETIC 

1  KM ) 

(DEG) 

(M/S) 

N-S 

E-W 

N-S 

E-W 

91*0 

328.9 

27.4 

23.5 

-14.1 

25.9 

-9.1 

'll,  0 

344.8 

27.5 

26.5 

-7.2 

27.4 

-1.7 

93.0 

356.9 

39.0 

39.0 

-2.1 

38.6 

5.8 

94.0 

334.9 

42.3 

38.3 

-17,9 

41.1 

-9.8 

95. 0 

32  3.2 

44.6 

35,7 

-26.7 

40.4 

-18.9 

96.0 

313.5 

50.6 

34.8 

-36.7 

41.5 

-28.9 

97.0 

312.8 

56.9 

38.7 

-41.8 

46*4 

-33.1 

98.0 

316.1 

62,5 

45.1 

-43.3 

52.9 

-33.3 

99,0 

317.0 

77.4 

56.5 

-52.8 

66.0 

-40.3 

iOC.O 

315.9 

82.5 

59.2 

-57.5 

69.6 

-44.3 

1  91,0 

317*9 

84.9 

62.9 

-56.9 

73.1 

-43.0 

1  >J  i.  .  0 

315.9 

90.4 

64,9 

-62.9 

76.3 

-48.5 

103.0 

312.3 

117.7 

79.2 

-87.1 

95.2 

-69.3 

1  w4  •  0 

311.8 

103.7 

69.1 

-77.3 

83.3 

-61.7 

10S.0 

314.4 

73.7 

51.6 

-52.7 

61.2 

-41.2 

1U6.0 

312.7 

53.0 

36.0 

-38.9 

43.1 

-30.8 

1  v  7  .  V 

288.7 

20.7 

6.6 

-19.6 

10.4 

-17.9 

.  d.O 

216.0 

10.5 

-8.5 

-6.2 

-7.1 

-7.8 

i  'j  i>  Q 

171.0 

19.0 

-18  =  8 

3.0 

-19.0 

-0.9 

110.0 

172.6 

22.7 

-22.5 

2.9 

-22.6 

-1.7 

111.0 

188.5 

22.0 

-21.8 

-3.3 

-20.7 

-7.6 

1  12.0 

203.3 

10.5 

-9 ,1 

-4.2 

-8.7 

-6.1 

113.0 

334.6 

15.7 

14.1 

-6.7 

15.2 

-3.7 

il4.Q 

356.9 

27.1 

27.0 

-1.4 

26.7 

4.  1 

1  15.0 

7.3 

47.1 

46.7 

6.0 

44.5 

15.3 

116.0 

9.7 

54.2 

53.4 

9,1 

50.5 

19.7 

117.0 

12.2 

56.1 

54,9 

11.9 

51.4 

22.8 

118.0 

13.9 

55.8 

54.2 

13.4 

50,4 

24.1 

119.0 

9.3 

44.3 

43.7 

7.1 

41  .4 

15.8 

120.0 

4,3 

38.2 

38.1 

2.9 

36.7 

10 . 5 

121.0 

358.7 

33.6 

33.6 

-0.8 

33.  1 

6.0 

122.0 

356*4 

35.9 

35.8 

-2.2 

35.5 

5.1 

TRAIL  NO.  32  DOVER 

8AR8ADO*  17  NOVEMBER  1965  19-34-00  AST 

DOWN  TRAIL 


WIND 

WIND 

WIND  COMPONENTS  (M/S) 

altitude 

HEADING 

VELOCITY 

GEOGRAPHIC 

MAGNETIC 

(KM) 

(DEG) 

(M/S) 

N-S 

E-W 

N-S 

E-W 

106.  o 

322.5 

67.5 

53.6 

-41.1 

60.8 

-29.4 

107.0 

318.8 

50.1 

32.7 

-37.9 

39.7 

-30.5 

108.0 

290.9 

11.2 

4.0 

-10.4 

6.0 

-9.4 

10<  .0 

138.9 

14.0 

-10.5 

9.2 

-12.1 

6.9 

110.0 

172.2 

29,9 

-29.6 

4.0 

-29.8 

-2.1 

111.0 

218.1 

18.7 

-14.7 

-11.6 

-12.1 

-14.3 

112.0 

236.3 

6.3 

-3.5 

-5.2 

-2.4 

-5.8 

1 1 ...  0 

347.4 

21.3 

20.8 

-4.7 

21.3 

-0.4 

114.0 

7.4 

24.5 

24.3 

3.1 

23.2 

7.9 

115.0 

1.3 

42.5 

42.5 

0,9 

41.4 

9.5 

116.0 

8.3 

41.6 

41,2 

6.0 

39.1 

14.2 

117.0 

24.1 

40.9 

37.3 

16.7 

33.2 

23.9 

118.0 

35.2 

36*8 

30.1 

21.2 

25.2 

26.8 

119.0 

32.9 

30.2 

25.4 

16.4 

21.6 

21.2 

120.0 

48.2 

30.7 

20.5 

22.9 

15.4 

26.6 

121.0 

23.8 

23.3 

21.3 

9,4 

19.0 

13.5 

TRAIL  NO.  32  DOVER 
17  NOVEMBER  1965  19:34:00  AST 


WIND  COMPONENTS 
UP  DOWN 

O  A  NORTH-SOUTH 
•  A  EAST-WEST  H.A.R.P.  BARBADOS 


BARBADOS 
UP  TRAIL 


TRAIL  NO.  S3  FOUL  BAY 

17  NOVEMBER  1965  23-15-00  AST 


WIND 

WIND 

WIND  COMPONENTS  (M/S) 

ALTITUDE 

HEAD  INC) 

VELOCITY 

GEOGRAPHIC 

MAGNETIC 

(KM) 

(DEG) 

(M/S) 

N-S 

E-W 

N-S 

E-W 

93.8 

359.4 

108.0 

108.0 

-1.1 

106.0 

20.8 

94.8 

9.6 

114.7 

114.7 

1.3 

112.1 

24.5 

95.8 

1.5 

113.7 

113.6 

2.9 

110.7 

25.8 

96.0 

352.1 

122.7 

121.6 

-16.9 

122.5 

8.0 

97.0 

349.2 

125.2 

123.0 

-23.5 

125.2 

1.9 

98.0 

355.4 

95.4 

95.1 

-7.6 

94.7 

11.8 

99.0 

2.4 

76.6 

76.5 

3.2 

74.3 

18.6 

100,0 

9.8 

71.4 

70.3 

12.2 

66.4 

26.2 

101. 0 

16.1 

69.5 

66.6 

19.3 

61.5 

32.4 

102.0 

341.9 

35.2 

33.5 

-10.9 

35.0 

-3.9 

103,0 

235.4 

16.3 

-9.3 

-13.4 

—6.4 

-15,0 

104.0 

209.4 

26.9 

-23.4 

-13.2 

-20.2 

-17.7 

105.0 

197.6 

42.6 

-40.6 

-12.9 

-37.2 

-20.8 

106.0 

216.4 

49.  i 

-39,6 

-29.2 

-32.9 

-36.6 

107.0 

238.8 

40.0 

-20.7 

-34.2 

-13.4 

-37.7 

108.0 

250,2 

31.6 

-10.7 

-29.7 

-4.5 

-31.3 

109.0 

249.2 

23.4 

-8.3 

-21.9 

-3.7 

-23.1 

110. 0 

243.6 

19.6 

-8.7 

-17.6 

-5.0 

-19,0 

111.0 

214*7 

16.2 

—8.6 

-9.6 

-6o5 

-11.1 

112.0 

283tl 

10.6 

-9.8 

-4.2 

-8.7 

-6.1 

113.0 

178,3 

10.0 

-10.0 

0.4 

-9,9 

-1.6 

1 14#  0 

105*5 

31.9 

-8.5 

30.7 

-14.5 

28.3 

115.0 

101.0 

31,5 

-6,0 

31.0 

-12.1 

29.  1 

116,0 

93.3 

41.7 

-2.4 

41.7 

-10.8 

40.4 

117.0 

89.9 

4o,7 

0.1 

46.7 

-9.3 

45.8 

118.0 

87.5 

49.8 

2.2 

49.7 

-7.9 

49.1 

119.0 

85*7 

50.6 

3.8 

50.5 

-6.5 

50.2 

120.0 

83.1 

50.4 

6.0 

50.1 

-4.3 

50.3 

121.0 

83.0 

51.5 

6.2 

51.1 

-4.3 

51.3 

122.0 

81.5 

50.1 

7.4 

49.6 

-2.8 

50.1 

123.0 

84.8 

50.7 

4.6 

50.5 

-5.7 

50.4 

124.0 

84.8 

80.1 

7.3 

79.8 

-9.0 

79.6 

125.0 

84.4 

71.1 

7.0 

70.7 

-7.4 

70.7 

126.0 

84.7 

70.9 

6.6 

70.6 

-7.8 

70.5 

127.0 

86.4 

72.0 

4.5 

71.8 

-10.1 

71.2 

TRAIL  NO*  33  FOUL  BAY 

BARBADOS  17  NOVEMBER  1965  23-15-00  AST 

DOWN  TRAIL 


ALTITUDE 
C  KM  ) 
103.0 
104.0 
5.0 
10c.  0 

1  07  .  ^ 

108.  J 
1  0°  .  0 
no,  o 
i  1  1 .  o 
112.0 
113.0 
114.0 
115.0 
116.0 
117.0 
118.0 
119.0 
12G.0 
121.0 
122.0 
123.0 
124.0 


WIND 
HEADING 
t  DEG  ) 

203.7 

292.7 

202.1 

214.6 

229.6 
256.0 

258.4 
255.2 

251.4 
242.1 
201.0 

137.5 

112.8 

107.8 

100.5 

94.6 
91.1 

92.4 
89.9 

91.4 

90.6 
93.0 


WIND 

VELOCITY 

(M/S) 

55.1 

51.3 

50.1 

43.2 

34.9 

26.5 
22.0 
22.1 

22.3 
14.0 

7.2 

18.4 
31.0 

40.1 

45.7 

49.9 

54.8 

58.3 
54.0 

58.7 

58.2 

64.7 


WIND  COMPONENTS  (M/S) 
GEOGRAPHIC  MAGNETIC 


N-S 

E-W 

■50.4 

-22.2 

•47.3 

-19.8 

■46.4 

-18.9 

•35.6 

-24.5 

■22.5 

-26.7 

-6.4 

-25.7 

-4 . 4 

-21.5 

-5.7 

-21,4 

-7.1 

-21.1 

-6.5 

-12.4 

-6.7 

-2.6 

•13.6 

12.4 

■12.0 

28.6 

12.3 

38.2 

-8.4 

44.9 

-4.0 

49.7 

-1.1 

54.8 

-2.5 

58.2 

0.1 

54.0 

-1.4 

58.6 

-0.6 

58.2 

-3.3 

64.6 

N-S 

E-W 

-44.9 

-31.9 

-42.3 

-29.0 

-41.6 

-27.9 

-29.9 

-31.2 

-16.6 

-30.7 

-1.1 

-26.5 

0.0 

-21.9 

-1.3 

-22.1 

-2.7 

-22.1 

-4.0 

-13.5 

-6.0 

-3.9 

-15.8 

9.4 

-17.5 

25.6 

-19.8 

34.9 

-17.3 

42.3 

-14.0 

47.9 

-12.2 

53.4 

-14*2 

56.5 

-10.8 

52.9 

-13.2 

57.1 

-12.4 

56.9 

-16.3 

62.6 

NO.  33  FOUL  B 
EMBER  1965  2\ 

H.A.R.P.  BARBA 


TRAIL  NO.  34  GUN  HILL 

BARBADOS  18  NOVEMBER  1965  00-45-00  AST 


WIND 

WIND 

WIND  COMPONENTS  CM/S) 

alt i tube 

HEADING 

VELOCITY 

GEOGRAPHIC 

MAGNETIC 

i  K.M  ) 

1  DEG  ) 

C  M/S  > 

N-S 

E-W 

N-S 

E-W 

96.0 

358.5 

99.8 

99.8 

-2.7 

98.3 

17.5 

97.0 

357.1 

78.4 

78.3 

-3.9 

77.5 

12.0 

98,0 

17.0 

60.4 

57.8 

17.6 

53.0 

28.9 

99.0 

30.7 

46.5 

39,9 

23.7 

34.3 

31.3 

100.0 

36.0 

31.6 

25.6 

18.6 

21.3 

23.4 

101.0 

16.1 

15.9 

15.2 

4.4 

14.0 

7.4 

102.0 

247.3 

26.0 

-10,0 

-24.0 

-4.9 

-25.5 

103.0 

2  05.0 

44.4 

-40.2 

-18.7 

-35.6 

-26.4 

1 0  v .  0 

216.0 

31.0 

-25.0 

-18.2 

-20.8 

-22.9 

105.0 

203.0 

13.9 

-12,8 

-5.4 

-11.4 

-7,9 

106.0 

167.2 

11.8 

-11.5 

2.6 

-11.6 

0.2 

107.0 

134.2 

10.2 

-7.1 

7.3 

-8.4 

5.7 

108.0 

117.4 

14.8 

-6.8 

13.2 

-9.3 

11.6 

109.0 

102.2 

22.5 

-4.8 

22.0 

-9.1 

20.6 

110.0 

94.2 

30.5 

-2.3 

30.4 

-8.4 

29.3 

111.0 

87.6 

38.6 

1.6 

38.6 

-6.2 

38.1 

x  i  ^  •  0 

76.1 

45.5 

11.0 

44.2 

1.8 

45.5 

113.0 

73.9 

58.3 

16.2 

56.0 

4.5 

58.1 

1  14.0 

70.1 

65.6 

22.4 

61.7 

9.5 

65.0 

w5,0 

65.7 

71.2 

29.3 

64.9 

15.6 

69.5 

116.0 

66.0 

85.4 

34.7 

78.0 

18.2 

83.4 

117.0 

60. 2 

77.0 

38.3 

66.8 

24.0 

73.2 

118.0 

58.5 

80.6 

42.0 

68.7 

27.2 

75.8 

119,0 

57.3 

83.5 

45.1 

70.3 

30.0 

78.0 

120.0 

55.9 

83.2 

46.6 

68.9 

31.7 

76.9 

121.0 

5*4 . 5 

81.9 

47.6 

66.7 

33.1 

74.9 

122.0 

53.3 

85.0 

50.8 

68.1 

36.0 

77.0 

12  3.0 

46.8 

80.0 

54.8 

58.3 

41.9 

68.2 

12  4.0 

41.5 

76,2 

57.0 

50.5 

45.6 

61.0 

125.0 

32.3 

73.3 

61.9 

39.2 

52.7 

50.9 

1  26.0 

29.1 

67.6 

59.1 

32.9 

51.2 

44.2 

12  7.0 

28.2 

66.2 

58.3 

31.2 

50.8 

42.3 

138 

134 

130 

126 

122 


118 

HEIGHT 

(KM) 

114 


110 

106 

102 

98 

94 


90 


EMBER  1965 


H.A.R.P.  BARB 


WIND  DIRECTION 


•  UP  TRAIL 
▲  DOWN  TRAIL 


TRAIL  NO.  34  GUN  HILL 
18  NOVEMBER  1965  00:45:00  AST 

H.A.R.P.  BARBADOS 


BARBADOS 

TRAIL  NO. 

35  INDIAN  GROUND 
18  NOVEMBER  1965 

03-30-00 

AS  I 

T  I  T  DE 

WIND 

HEADING 

WIND 

velocity 

WIND  COMPONENTS  (M/S) 
GEOGRAPHIC  MAGNETIC 

(KM  ) 

(DEG  ) 

(M/S  ) 

N-S 

E-W 

N-S 

E-W 

98.0 

236.0 

92.1 

-51.5 

-76.3 

-35.0 

-85.  1 

99.0 

229.6 

70.8 

-45.9 

-55.9 

-34.1 

-62. 1 

100.0 

235.6 

106.5 

-60.2 

-87.8 

-41.2 

-98.2 

i  0  1  .  V 

243.1 

136.1 

-61.7 

-121.3 

-35.9 

-131.3 

102.0 

246.9 

148.1 

-58.0 

-136.2 

-29.3 

-145.1 

1  0  »  0 

243.0 

101.6 

-46.2 

-90,8 

-26.9 

-98.3 

104.0 

282.5 

68.3 

14.7 

-66.7 

27.9 

-62.3 

105.0 

323.6 

57.8 

46.5 

-34.3 

52.5 

-24.2 

106.0 

2.3 

68.5 

68.5 

2.7 

66.5 

16.5 

10  7.0 

25.8 

92.4 

83.2 

40.2 

73.4 

*>6.2 

108.0 

30.1 

97.4 

84.2 

48.9 

72.6 

64.9 

109.0 

36.2 

102.8 

83.0 

60.8 

69.0 

76.  '< 

110.0 

4  4.1 

100.4 

72.1 

69.9 

55.5 

8  3.1' 

111.0 

52.2 

103.7 

63.6 

81.9 

45.7 

9  3.1 

112.0 

56.2 

107.2 

59.6 

89.1 

40.4 

99  .  ■ 

:  15.0 

58.5 

107.6 

56.3 

91.8 

36.6 

If'l  .  ’• 

1.4.0 

62.0 

106.5 

49.9 

94.1 

2  9.8 

l'V.J 

1)6.0 

75.9 

89.2 

21.7 

86.5 

3. fa 

84.  ) 

i  1  6  e  0 

96.8 

82.6 

-9.8 

82.0 

-26.2 

78.3 

1  l  / .  0 

108.8 

85.8 

-27.7 

81.2 

-43.5 

1 3.9 

TftAIL  NO.  35  INDIAN  GROUND 
18  NGYEIdBER  1965  03:30:00  AST 


WIND  COMPONENTS 
UP  DOWN 

O  &  NORTH-SOUTH 
$  A  EAST- WEST  H.A.R.P.  BARBADOS 

- j - - - 1 - , - j - 1 - i - ! - 1 - « - 1 - * - 1 - r 


134 


130 


126 


122 


111 

HEIGHT 

(KM) 


WIND  DIRECTION 


•  UP  TRAIL 
▲  DOWN  TRAIL 


TRAIL  NO.  35  INDIAN  GROUND 

1»  NOVEMBER  1965  03:30:00  AST 

H.A.R.P.  BARBADOS 


DIRECTION  (DEG) 


TRAIL  NO. 

36  JAMESTOWN 

BARBADOS 

18  NOVEMBER  1965 

05-08-00 

AST 

WIND 

WIND 

WIND  COMPONENTS  (M/S) 

T i TUDE 

HEADING 

VELOC  I  TY 

GEOGRAPHIC 

MAGNETIC 

(K.M) 

(DEG) 

(M/S) 

N-S 

E-W 

N-S 

E-W 

93.0 

273.0 

49.0 

6.9 

-48.5 

16.6 

-46.1 

94.0 

2  56.3 

68.1 

-16.2 

-66.2 

-2.5 

-68.1 

95.0 

247.4 

70.4 

-2  7.1 

-65.0 

-13.4 

-69.1 

96.0 

241.6 

80.7 

-38.4 

-71.0 

-23.2 

-77.3 

9  /  •  0 

239.4 

104.9 

-53.4 

-90.3 

-34.0 

-99.2 

<-6.0 

236.4 

95.3 

-52.7 

-79.4 

-35.6 

-88.4 

'  '  .  W 

246. 1 

8  3.3 

-31.1 

-77.3 

-14.8 

-82.0 

1  Qu .  w 

263.4 

109.2 

-12.5 

-108.5 

9.7 

-106.8 

.  V  .  *  0 

286.3 

93.5 

26.3 

-89.7 

<*3.9 

-62.5 

i  v'  2  •  v 

309.7 

65.9 

42.1 

-50,7 

51.5 

-41.1 

10  3.0 

34  3.0 

56.1 

53.6 

-16.4 

55.8 

-5.2 

.04.0 

3.4 

61.3 

61.2 

3.6 

59.2 

15.9 

i  oj.o 

20.6 

72.8 

68.1 

25.6 

61.5 

38.8 

106.0 

32.9 

81.6 

68.5 

44.4 

58.1 

57,3 

10  7.0 

51.9 

105.5 

65.0 

83.0 

46.9 

94  * 

108.0 

59.2 

117.7 

60.2 

101.1 

38.5 

111.2 

109.0 

66.9 

122.0 

47.9 

112.3 

24.2 

119.7 

110.0 

70.9 

123.4 

40.4 

116.6 

16,0 

122.4 

lil.Q 

91.7 

130.5 

-3.9 

130.4 

-30.2 

126.9 

1 1  2  •  0 

95.2 

124.5 

-11.3 

124.0 

-36.1 

119.2 

113.0 

101.6 

113.9 

-22.9 

111.6 

-45.0 

104.7 

1  14.0 

102.5 

93.9 

-20.2 

91.7 

-38.3 

85.7 

115.0 

98.9 

83.5 

-12.8 

82.5 

-29.2 

78.2 

116.0 

100,8 

61.5 

-11.5 

60.4 

-23.5 

56.8 

1  17.0 

101.3 

40.2 

-7.9 

39.4 

-15.7 

37.0 

118.0 

106.2 

40.3 

-11.2 

38.7 

-18.8 

35.6 

1 19.0 

94.4 

49.5 

-3.8 

49.3 

-13.7 

47.5 

dESTOWN 
05:08:00  AST 
RBADOS 


TRAIL  NO.  37  MAXWELL 

BARBADOS  22  NOVEMBER  1965  18-09-00  AST 


WIND 

WIND 

WIND  COMPONENTS  (M/S) 

altitude 

HEADING 

VELOCITY 

GEOGRAPHIC 

MAGNETIC 

(KM  > 

(DEG) 

(M/S) 

N-S 

E-W 

N-S 

E-W 

94.0 

261.4 

51.7 

-7.8 

-51.1 

2.7 

-51.6 

95.0 

264.9 

55.5 

-5.0 

-55.2 

6.3 

-55.1 

96.0 

270.6 

62.7 

0.7 

-62.6 

13.3 

-61.2 

97.0 

278.8 

78.3 

12.0 

-77.4 

27.4 

-73.4 

98.0 

287.6 

86.6 

26.2 

-82.6 

42.4 

-75.6 

99.0 

288.0 

88.3 

27.3 

-84.0 

43.7 

-76.7 

100.0 

290.4 

88.6 

30.9 

-83.0 

47.0 

-75.0 

101.0 

292.4 

76.4 

29.2 

-70.7 

42.9 

-63.3 

102.0 

293.7 

74.8 

30.0 

-68.5 

43.2 

-61.0 

103.0 

290.9 

55.7 

19.8 

-52.1 

29.9 

-47.0 

104.0 

292.4 

52,5 

20.0 

-48.6 

29.4 

-43.6 

105.0 

280.6 

49.3 

9.1 

-48.5 

18.7 

-45.7 

106.0 

275.5 

37.5 

3.6 

-37.3 

11.1 

-35.8 

107.0 

242.7 

21.4 

-9.8 

-19.0 

-5.8 

-20.6 

108.0 

232.8 

20.4 

-12.3 

-16.2 

-8.8 

-18.4 

109.0 

280.1 

19.0 

3.3 

-18.7 

7.0 

-17.6 

110.0 

311.5 

28.8 

19.1 

-21.6 

23.1 

-17.3 

111.0 

332.9 

42.1 

37.5 

-19.2 

40.6 

-11.2 

112.0 

344.2 

60.5 

58.2 

-16.5 

60.3 

-4.4 

113.0 

352.5 

70.6 

70.0 

-9.4 

70.5 

4.9 

114.0 

355.5 

76.8 

76.6 

-6.1 

76.3 

9.5 

115.0 

17.2 

72.1 

68.8 

21.3 

63.1 

34.8 

116.0 

43.6 

71.1 

51.5 

49.1 

40.5 

58.5 

117.0 

56.7 

68.7 

37.7 

57.4 

25.3 

63.8 

118.0 

69.8 

69.5 

24.0 

65.2 

10.3 

68.7 

119.0 

78.4 

72.6 

14.6 

71.2 

-0.1 

72.7 

129.0 

82.6 

76.8 

9.9 

76.2 

-5.7 

76.6 

WIND  DIRECTION 

9  UP  TRAIL 
A  DOWN  TRAIL 


TRAIL  NO.  37  MAXWELL 
22  NOVEMBER  1965  18:09:00  AST 

H.A.R.P.  BARBADOS 


1 — i — r~\ — 1 — i — r — r""T . i — ■ — i — r — r 


131 

134 

130 

126 

122 

118 


HEIGHT 


TRAIL  NO*  38  NEEDHAM'S  POINT 

BARBADOS  22  NOVEMBER  1965  19-30-00  AST 


WIND 

WIND 

WIND  COMPONENTS  (M/S) 

altitude 

HEADING 

VELOCITY 

GEOGRAPHIC 

MAGNETIC 

(KM) 

(DEG) 

(M/S) 

N-S 

E-W 

N-S 

E-W 

93.0 

247.4 

13.0 

-5.0 

-12.0 

-2.5 

-12.8 

94.0 

279.7 

50.7 

8.5 

-49.9 

18.4 

-47.2 

95.0 

281.4 

71.4 

14.1 

-70.0 

28.0 

'65a7 

96.0 

285.0 

80.4 

20.8 

-77.6 

36.1 

-71.8 

97.0 

286.3 

91.2 

25.7 

-87.5 

42.9 

-80.5 

98.0 

289.  7 

107.1 

36.0 

-100.9 

55.7 

-91.5 

99.0 

296.4 

95.6 

42.6 

-85.6 

59.0 

-75.2 

106.0 

302.8 

93.2 

50.5 

-78.4 

65,3 

-66.6 

101,0 

316.2 

85.4 

61.6 

-59.1 

72.3 

-45,4 

102.0 

326.6 

80,4 

67.1 

-44.3 

74.7 

-29.8 

103.0 

336.6 

82.9 

76.0 

-33.0 

81 . 1 

-16.9 

104.0 

341.0 

85.7 

81.1 

-27.9 

85.1 

-10.9 

x  05 . 0 

346.0 

84.0 

81.5 

-20.3 

83.9 

-3.4 

106.0 

345.5 

73.0 

70.7 

-18.2 

72.9 

-3,5 

107.0 

339.7 

57.9 

54.3 

-20.1 

57.2 

-8.7 

108.0 

319.0 

33.8 

25.5 

-22.2 

29.5 

-16.6 

109.0 

310.6 

27.1 

17.7 

-20.6 

21.5 

-16.6 

116.0 

266.7 

28.2 

-1.6 

-28.1 

4.1 

-27.8 

.11 1 . 0 

205.6 

23.4 

-21.1 

-10.1 

-18.6 

-14.2 

112.0 

109.8 

25.0 

-8.5 

23.5 

-13.1 

21.3 

113.0 

160.0 

50.6 

-8.8 

49.9 

-18.7 

47.1 

114.0 

103.0 

58.2 

-13.1 

56.7 

-24.3 

52.9 

115.0 

104.8 

65.0 

—  1 6  *  6 

62.9 

-29.0 

58.2 

1 16.0 

112.1 

68.5 

-25.8 

63.5 

-38,1 

57.0 

117.0 

132.1 

78.6 

-52.7 

58.3 

-63.4 

46,4 

118.0 

128.8 

84,6 

-53.0 

66.0 

-65.3 

53.9 

119.0 

138.2 

83.9 

-62 . 6 

55.9 

-72.6 

42.1 

1*6.0 

l48.o 

75.1 

-64.1 

39.1 

-70.7 

25.3 

121.0 

1  55  f  0 

66.7 

-60.5 

28.2 

-65.0 

15.4 

122.0 

164.3 

59.3 

-57.1 

16.0 

-59.2 

4.1 

123.0 

182.3 

52.4 

-52.3 

-2.1 

-50.8 

-12.6 

124.0 

185.9 

50.9 

-50.7 

-5.2 

-48.6 

-15.3 

125.0 

199.9 

54.5 

-51.2 

-18.6 

-46 . 4 

-28.6 

126.0 

212.5 

57.0 

-48.1 

-30.7 

-40.9 

-39.6 

127.0 

224,3 

62.9 

-45.0 

-43.9 

-35.2 

-52.1 

128.0 

232.2 

70.1 

-4  3.0 

-55.4 

-30.9 

-63.0 

129.0 

236.6 

60.4 

-44.3 

-67.2 

-29.8 

-74.8 

139.0 

242.0 

85.6 

-40.2 

-75.6 

-24.1 

-82.2 

131.0 

247.2 

87.8 

-34.0 

-81.0 

-16.9 

-86.2 

132.0 

253.6 

86.9 

-24.5 

-83.4 

-7.1 

-86.6 

133.0 

256.9 

91.9 

-20.9 

-89.5 

-2.4 

-91.9 

134.0 

263.3 

102.2 

-12.0 

-101.5 

8.8 

-101.8 

>MPONENTS 


TRAIL  NO.  38  NEED! 
22  NOVEMBER  1965  1 

H.A.R.P.  BARB 


NORTH-SOUTH 
EAST- WEST 


WIND  DIRECTION 


TRAIL  NO.  38  NEEDHAMS  POINT 
22  NOVEM8ER  1965  19:30:00AST 


•  UP  TRAIL 

A  DOWN  TRAIL  H.A.R.P.  BARBADOS 


BARBADOS 


TRAIL  NO.  39  PARAGON 

22  NOVEMBER  1965  22-59-00  AST 


WIND  WIND  WIND  COMPONENTS  (M/S) 

ALTITUDE  HEADING  VELOCITY  GEOGRAPHIC  MAGNETIC 


( K.M ) 

(DEG) 

(M/S) 

N- 

S 

E-W 

N-S 

E-W 

99.0 

334 

•  1 

59.0 

53 

.0 

-25.8 

57.1 

-14.5 

100.0 

344 

.3 

52.9 

50 

.9 

-14.3 

52.7 

-3.7 

101.0 

349 

•  4 

51.6 

50 

.7 

-9.5 

51.6 

0.9 

102.9 

354 

.3 

50.6 

50 

.3 

-5.0 

50.3 

5.3 

103.0 

3 

.3 

53.1 

53 

cO 

3.0 

51.3 

13.7 

104.0 

348 

•  3 

55.1 

54 

.0 

-11.2 

55.1 

0.0 

105.0 

346 

•  8 

56.4 

54 

.9 

-12.9 

56.4 

-1.5 

106.0 

358 

.7 

57.6 

57 

.5 

-1.3 

56.6 

10.4 

107.0 

15 

.  6 

49.9 

48 

•  l 

13.5 

44.4 

22.9 

108.0 

19 

.9 

53.4 

50 

.2 

18.2 

45.5 

28.0 

109.0 

51 

.5 

60.6 

37 

.7 

47.4 

27.3 

54.0 

110.0 

90 

.0 

78.7 

0 

.0 

78.7 

-15.9 

77.1 

111.0 

130 

.0 

126.7 

-81 

.4 

97.1 

-99.4 

78.6 

112.0 

131 

.3 

133.6 

-88 

.1 

100.4 

-106.6 

80.5 

113.0 

132 

•  2 

137.9 

-92 

.7 

102.1 

-111.4 

81.2 

114.0 

134 

.2 

133.1 

-92 

.7 

95.5 

-110.1 
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HTUDE 

WIND 

HEADING 

WIND 

velocity 

WIND  COMPONENTS  (M/S) 
GEOGRAPHIC  MAGNETIC 

(KM  I 

( DEG  y 

(M/S) 

N-S 

E-w 

N-S 

E-W 

*00.0 

T  Jl  „  .* 

?9  /  5 

c  ■  *  •; 

47.9 

62.8 

101.9 

91.3 

l 

?  •  3 

isa  •  j 

-15.2 

66.4 

102.0 

110.8 

76.^ 

v  ,  i 

71.5 

-41.0 

64.5 

103.0 

132.9 

86.9 

-59.2 

63.6 

-70.8 

50.3 

104.9 

144.5 

90.3 

-73.5 

52.4 

-82.6 

36,5 

105.0 

161.3 

81.6 

-77.2 

26.2 

-80.9 

10.0 

106.9 

186.3 

72.4 

-72.4 

-0.3 

-70.8 

-14.9 

107.0 

179.4 

63.3 

-63.3 

0.7 

—62  *  1 

-12.1 

108.0 

172.8 

54.2 

-53.8 

6.8 

-54.1 

-4,2 

109.0 

159.4 

49.4 

-46.3 

17.4 

-48.9 

7.7 

110.0 

136.3 

46.8 

-33.8 

32.3 

-39.6 

24.8 

111.0 

127.8 

47.6 

-29.2 

37.6 

-36.2 

30.9 

112.0 

116.8 

40.5 

-18.3 

36.2 

-25.2 

31.8 

113.0 

109.8 

39.4 

-13.4 

37.0 

-20.6 

33.5 

114.0 

94.6 

27.7 

-2.2 

27.6 

-7.7 

26.6 

115.0 

89.1 

25.4 

0.4 

25.4 

-4.7 

25.0 

116.0 

55.8 

16.2 

9.1 

13.4 

6.2 

15.0 

117.0 

359.2 

18.2 

18.2 

-0.3 

17.9 

3.4 

110.0 

325.1 

32.1 

26.3 

-18.4 

29.5 

-12.7 

119.0 

310.1 

59.6 

36.4 

-45.6 

46.8 

-36.9 

120.0 

306 .3 

78.8 

46.7 

-63.5 

58.6 

-52.7 

121.0 

304.9 

96.4 

55.2 

-79.1 

70.1 

-66.3 

122.0 

305.0 

108.5 

62.2 

-88.8 

78.9 

-74.4 

123.0 

306.0 

113. 9 

66.9 

-92.2 

84.2 

-76.8 

124.0 

308.3 

120.8 

74.8 

-94.9 

92.4 

-77.8 

125.0 

310.4 

125.4 

81.3 

-95.5 

98.9 

-77.1 

126.0 

311.8 

131.5 

87.7 

-98.0 

105.7 

-78.2 

127.0 

313.2 

136.4 

93.4 

-99.5 

111.6 

-78.6 

128.0 

313.3 

136.7 

93.7 

-99.5 

111.9 

-78.5 

129.0 

313.2 

140.8 

96.4 

-102.6 

115.2 

-81.0 

130.0 

311.5 

139.2 

92.1 

-104.3 

111.3 

-83.5 

131.0 

309.2 

125.1 

79.0 

-97.0 

97.0 

-79.0 

132.0 

303.1 

108.9 

59.5 

-91.2 

76.7 

-77.3 

133.0 

300.7 

106.8 

54.6 

-91.8 

72.0 

-78.9 
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BARBADOS 


03-28-00  AST 


ALTITUDE 
«KH  ) 
95.0 
96.0 
97.0 
98.0 
99.0 
100,0 
101.0 
102,0 
103.0 
104.0 
105.0 
106.0 
107.0 
108.0 
109.0 
110.0 
111.0 
112.0 
113.0 
114.0 
115.0 
116.0 
117.0 
118.0 
119.0 
120.0 
121,0 
122,0 
123.0 
124.0 
125.0 
126.0 
127.0 
128.0 
129.0 
130,0 
131.0 
132.0 
133.0 
134.0 
135.0 
136.0 
137.0 
138.0 


TRAIL  NO*  41  ROCKLEY 

23  NOVEMBER  1965 


WIND 

WIND 

HEADING 

VELOCITY 

(DEG) 

(M/S) 

21.2 

97.1 

83,6 

54.4 

98.3 

55.4 

114,4 

63.2 

140.3 

71,9 

179.8 

105.1 

192.4 

107.9 

201.5 

113.5 

209.5 

116.7 

216.7 

111.7 

223.9 

110.8 

255.1 

85.7 

274.4 

53.4 

313.1 

23.0 

348.4 

13.3 

40.0 

19.9 

67.0 

30.4 

87.5 

38.6 

91.8 

42.7 

105.1 

35,0 

101.8 

40.9 

127.9 

23.8 

236.1 

17.9 

283.5 

44.5 

294.7 

49.9 

301.4 

52.6 

307.5 

54.5 

316.5 

58,0 

321.4 

61.7 

327.6 

66.5 

322.8 

60,3 

328.2 

54,0 

325.9 

36.3 

338.4 

27.5 

249.1 

7.3 

188.7 

10.3 

129.5 

9.0 

151.5 

18,3 

163.2 

36.0 

160.5 

45.0 

151.7 

51.0 

151.0 

57,0 

152.2 

64.0 

149.1 

56.9 

N-S 

90.5 

6.1 

-8,1 
-26.1 
-55.3 
-105.1 
-105.4  -23.2 

— 1 05  »  6  —4 1*6 

-101.6  -57.5 

-89.5  -66.8 

-79.8  -76.9 

-22.1  -82.8 

4.1  -53.3 

15.7  -16.8 

13.0  -2.7 

15.2  12.8 

11.9  28.0 

1.7  38.6 

-1.3  42.6 

-9.1  33.8 

-8.4  40.1 

-14.6  18.8 

-10.0  -14.9 

10.4  -43.2 

20.9  -45.3 

27.4  -44.9 

33.1  -43.3 

42.1  -40.0 

48.2  -38.5 

56.1  -35,6 

48.0  -36.5 

45.9  -28.5 

30.1  -20.4 

25.6  -10.1 

-2.6  -6.8 

-10.2  -1.6 

-5.7  6.9 

-16.1  8.7 

-34.5  10.4 

-42.4  15.0 

-44.9  24.2 

-49.9  27.6 

-56.6  29,9 

-48.9  29.2 


N-S 

C-W 

81,5 

52.8 

-4.9 

54,1 

-19.0 

52.1 

-37.2 

51.0 

-63.4 

33.8 

-103.0 

-21.0 

-98.5 

-44 . 0 

-95.0 

-62.1 

-87.9 

-76.9 

-74.1 

-83.5 

-62.6 

-91.4 

-4.9 

-85.6 

14.8 

-51,4 

18.8 

-13.3 

13.3 

0.0 

12.3 

15.6 

6.0 

29.8 

-6.1 

38.1 

-9.9 

41.5 

-15*7 

31.3 

-16.3 

37.6 

-18.1 

15.5 

-6.8 

-16,6 

18.9 

-40.2 

29.6 

-40.1 

35,9 

-38.4 

41.2 

-35.7 

49.3 

-30,7 

55.0 

-28.0 

62.1 

-23.5 

54.4 

-26.0 

50.7 

-18.6 

33.6 

-13.9 

27.1 

-4.7 

-1.2 

-7.2 

-9.7 

-3.6 

-7.0 

5.6 

-17.5 

5.3 

-35.9 

3.2 

-44.6 

6.1 

-48.9 

14.6 

-54.5 

16.9 

-61.5 

17.8 

-53.8 

18.7 

WIND  COMPONENTS  (M/S) 


GEOGRAPHIC 
E-W 
35.2 
54.0 

54.9 
57.5 

45.9 
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MAGNETIC 
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TRAIL 

NO.  42  SEAWELL 
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WIND 

WIND 

WIND 

COMPONENTS 

(M/S) 

ALTITWBE  HEADING  VELOCITY  GEOGRAPHIC  MAGNETIC 


(KM) 

(DEG) 

(M/S) 

N-S 

E- 

w 

N-S 

E-W 

91.0 

36 

•  1 

51.4 

41.6 

30 

•  3 

34.6 

38.1 

92  «  0 

85 

•  8 

21.1 

1  c  5 

21 

.1 

-2.8 

21.0 

93.0 

157 

.1 

37.8 

-34.9 

14 

.7 

-37.2 

7.3 

94.0 

192 

.1 

94.8 

-92.7 

-19 

.9 

-86.8 

-38.2 

95.0 

211 

.1 

126.4 

-108.3 

-65 

.2 

-92.9 

-85.8 

96.0 

219 

.5 

130.6 

-100.7 

-83 

•  1 

-81.8 

-101,7 

97.0 

216 

.9 

120.6 

-96.5 

-72 

.4 

-79.9 

-90.4 

98.0 

222 

.3 

147.5 

-109.1 

-99 

.2 

-86.8 

-119.2 

99.0 

221 

•  3 

129.4 

-97.2 

-85 

.4 

-77.9 

-103.3 

IwO.O 

225 

.9 

125.6 

-87.4 

-90 

.2 

-67.4 

-106.0 

101,0 

230 

.0 

119,7 

-76.9 

-91 

.7 

-56.8 

-105.4 

132,0 

232 

•  3 

105.0 

-64.2 

-83 

•  1 

-46.1 

-94.4 

103.0 

239 

•  8 

128,5 

-64.5 

-111 

•  1 

-40.7 

-121.8 

104.0 

260 

.7 

148.8 

-24.2 

-146 

.8 

6.0 

-148.7 

105.0 

268 

.4 

141.2 

-3.9 

-141 

.2 

24.7 

-139.1 

1&6.0 

276 

.0 

137.8 

14.5 

-137 

,0 

41.9 

-131.2 

197.0 

302 

.1 

71.2 

37.9 

-60 

•  4 

49.3 

-51.5 

.  '5  »  0 

346 

.9 

69.3 

67.5 

-15 

.7 

69.3 

-1.7 

109.0 

340 

•  2 

51.6 

48.6 

-17 

.5 

51.1 

-7.3 

»  .  *  0 

237 

•  8 

19.4 

-10.4 

-16 

.4 

-6.9 

-18.2 

111.0 

140 

.0 

30.6 

-23.4 

19 

.6 

-26.9 

14.5 

>'2.0 

129 

.3 

34.6 

-21.9 

26 

.8 

-26.9 

21.8 

113.0 

128 

♦  1 

38.9 

-23.9 

30 

.  6 

-29.6 

25,1 

114.0 

119 

.4 

43.7 

-21.5 

38 

.1 

-28.8 

33.0 

1x5,0 

lie 

.2 

47.8 

-16.5 

44 

.8 

-25.2 

40,5 

1.6.0 

94 

•  1 

44 ,2 

-3.2 

44 

.1 

-12.1 

42.5 

117.0 

77 

.4 

38.5 

8.4 

37 

•  6 

0.6 

38.5 

1  18.0 

202 

.0 

15.1 

-14.0 

-5 

.7 

-12.6 

-8.4 

1  x9.0 

202 

.5 

29.1 

-26.9 

-11 

.2 

-24.1 

-16,4 

129.0 

197 

.2 

36.8 

-35.2 

-10 

.9 

-32.3 

-17.8 

121.0 

191 

.  6 

45.3 

-44.3 

-9 

.1 

-41.5 

-17.9 

122.0 

187 

.6 

49.6 

-49.2 

-6 

.7 

-46.8 

-16.5 

123.0 

183 

.3 

51.1 

-51.0 

-2 

.9 

-49.4 

-13.2 

124.0 

163 

*7 

54.9 

-52.7 

15 

.4 

-54.7 

4.4 

125.0 

159 

.7 

58.8 

-55.1 

20 

•  4 

-58.1 

8.8 

126.0 

159 

.3 

65.7 

-61.4 

23 

.3 

-64.8 

10.4 

127.0 

159 

.7 

72.2 

-67.7 

25 

.1 

-71.4 

10.9 

128.0 

161 

.5 

76.4 

-72.5 

24 

.2 

-75.9 

9.0 

129.0 

161 

.0 

75.2 

-71.1 

24 

.5 

-74.6 

9.6 

13G.0 

156 

.7 

73.7 

-67.7 

29 

•  1 

-72.2 

14.8 

TRAH.NO  42  SEAWELL 
23  NOVEMBER  1965  05:16:30AST 


WIND  COMPONENTS 
UP  DOWN 

O  A  NORTH-SOUTH 
•  A  EAST-WEST 


H.A.R.P.  BARBADOS 


UNCLASSIFIED 


Security  Classification 


DOCUMENT  CONTROL  DATA  -  R  &  D 


'“I 


(Security  clar si Ucotion  of  title,  body  of  ohst'ac'  and  Indexing  must  be  entered  v.h%  n  the  overall  report  la  c/agg/f/ct/j^ 


[  1.  ORIGINATING  ACTIVITY  (Corpowto  author) 

|  I  pa co  Instruments  Research 
Atlanta*  Georqia 


I  nc 


f 2«.  REPORT  SECURITY  CLASSIFICATION 

Unclassified 


2b.  croi  fJ 


La  report  rm.t 

1  IJRRLP.  AT.'lOSIMiE  RE  UIIiDS  ERG’!  GUN  -LAUNCHED  VERTICAL  i’RGCES  (CAP.DADOS, 
[  16-23  NOVE.IDLR  136S) 


j  <■  descriptive  notes  (Typo  of  report  r.nd  inclusive  dates) 


5.  au  THORISJ  (b  trat  n*s  e,  middle  initial,  last  name) 

Robert  L .  Fuller 


>8.  REPORT  OATC 

[  September  1966 

7a.  TOTAL  NO.  CP  PACES 

70 

7b.  NO.  OP  REPS 

37 

[“•  CONTRACT  OR  CHANT  NC^.tJ  )  -  U  0  9  -  H.  1  C  -  1  6  9  (T T 

Sa.  O  FJ  G 1 N  A  T  O  R*  5  REPORT  NUK^CfeRfS) 

|  b.  project  no  RQlt  1V014501  C53C 

BRL  Contract  169 

Report  3  j 

[st».  OTHER  REPORT  NO(C)  (Any  other  nucr.bere  that  tray  be  assigned  ‘ 

l  C 

I  d. 

this  report) 

! 

10.  DISTRIBUTION  STATEMENT 


This  document  has  been  approved  for  public  release  and  sale;  its  distribution 
is  unlimited. 


11.  SUPPLEMENTARY  notes 


12.  SPONSORING  MILITARY  ACTIVITY 


Ali^TRAC  T 

On 


Cocrranair-i  Officer 

U.S.  Arc .y  Ballistic  Research  Laboratories 
Aberdeen  Brovin C-round,  Md.  21005 


the  night  of  17-18  November  1965,  six  'luminous  trails  were 
produced  between  91km  and  138km  by  the  release  of  tri -methyl -al uni num 
from  projectiles  fired  from  a  smoothbore  sixteen-inch  gun  located  on 
the  Nest  Indian  island  of  Barbados  (57.5°N,  13.1°il).  An  additional  six 
trails  were  produced  during  the  night  of  22-23  November  1965.  These 
trails  were  photographed  from  neighboring  islands  and  analyzed  to  yield 
wind  profiles.  This  report  contains  the  tabulated  wind  data  for  all 
sixteen  trails  together  with  plots  versus  altitude  of  wind  components, 
w  i  n  d  s  p  e  e  d  ,  a  n  d  w  i  n  d  n  e  a  d  i  n  g  . 


L\0 


.1  *i 

1  NDY  81  i 


Vo 


pcuux* r  j*/.  .ym».jjttcrrCTi  nz*arrx.jrx vc: u* 

R  Z  'L  SCKJ  DU  »rO  1473.  I  J AN  JJ,  WHICH  IS 

oyjOLKTi  rop  apmy  ujc. 


vt  »  Jrt  v  .  v 


UNCLASSIFIED _ 

Security  Ctasaifich.iou 


